Members of the Cistus genus have been traditionally used in folk medicine since ancient times as a remedy for various infections and diseases. In this paper essential oils of four wild growing Cistus species in Croatia were examined for their chemical composition and antimicrobial activity against both ATCC and multiple-resistant clinical strains of opportunistic pathogens associated with skin, nail, gastrointestinal, bloodstream and respiratory infections. The results showed that C. villosus and C. salviifolius essential oils have nonterpene compounds as dominant ones, particularly nonterpene acids and derivatives, while C. creticus and C. monspeliensis essential oils have labdane-type diterpene compounds as dominant ones. Tested Cistus oils have a broad spectrum of antimicrobial activities which are dose dependent. C. salviifolius and C. creticus oils were found to be the most potent ones, particularly against leading skin pathogens such as Staphylococcus aureus, Acinetobacter baumannii and Candida albicans. The data presented here presented evidence for biological and aromatical potential of the Cistus essential oils for their further use in traditional medicine.
The phytochemical analysis of C. villosus, C. monspeliensis, C. salviifolius and C. creticus EOs isolated from dried aerial parts were achieved by GC/MS/FID (Table 1) . Overall, 113 compounds were identified representing of 92.9 -98.9% of the EOs composition. C. villosus and C. salviifolius EOs showed nonterpene compounds as dominant, in particular nonterpene acids and derivatives, while C. creticus and C. monspeliensis EOs showed diterpene compounds, in particular labdane-type diterpene, as dominant ones. A total of 50 compounds were identified in C. villosus EO. Nonterpene compounds were found to be main components, with pentadecanoic acid (13.4%), docosane (12.1%), 9,12-octadecadienoic acid, ethyl ester (10.6%) and hexadecanoic acid (9.7%) as major ones. Hexadecanoic acid was also previously identified as major Italian C. villosus EO compound [7] .
A total of 59 compounds were identified in C. salviifolius EO with pentadecanoic acid (18.1%) and hexadecanoic acid (14.1%) as major ones. Hexahydrofarnesyl acetone (6.8%) and 9, 12-octadecadienoic acid, methyl ester (6.2%) were also found in significant quantities. The chemical composition of this EO is quite different from the composition of the previously tested C. salviifolius EO. Thus, diterpenes manoyl oxide, geranyl-p-cymene, cembrene A and sclareol oxide were the main EO compounds of C. salviifolius EO from Sardinia [8] . Sesquiterpene compounds germacrene D and caryophyllene oxide as well as phenolic compound elemicin and diterpene compound manoyl oxide were identified as main components of C. salviifolius EO from Aeolian islands (Sicily, Italy) [7] . A large amount of oxygenated sesquterpenes and oxygenated monoterpenes were also identified in C. salviifolius EO from Crete, Greece [9] . A total of 39 compounds were identified in C. creticus EO with labdane-type diterpenes manoyl oxide (14.6%) and 13-epi-manoyl oxide (12.2%) as well as 9, 12-octadecadienoic acid, methyl ester (10.7%) as major ones. Labdane-type diterpenes labd-7, 13-dien-15-ol (8.3%) and manool (6.8%) were also identified in significant quantities. Similar chemical composition with labdane-type diterpenes as dominant compounds was previously reported [5, 6, 8, 10, 11] . Mastino et al. [8] also reported sesquiterpene compounds selina-3, 11-dien-6α-ol and selin-11-en-4-α-ol as dominant ones for C. creticus subsp. creticus EO as well as sesquiterpene τ-cadinol and diterpene 13-oxo-15, 16-bis-nor-ent-labd-8(17)-ene as dominant ones in C. creticus subsp. corsicus EO. Maggi et al. [12] identified nonterpene acids (linolenic acid, hexadecanoic acid and linoleic acid) as dominant ones in C. creticus spp. eriocephalus EO, while Loizzo et al. [7] identified norisoprenoid compound vitispirane I and diterpene manoyl oxide as major EO compounds isolated from Italian C. creticus.
A total of 26 compounds were found in C. monspeliensis EO with diterpene compounds 13-epi-manoyl oxide (21.4%) and 9-geranylp-cymene (13.3%) as well as monoterpene α-pinene (10.4%) as major ones. Some previous studies also reported labdane-type compound 13-epi-manoyl oxide as dominant compound in C. monspeliensis EOs [7, 13, 14] . Some studies showed that diterpene compounds were generally dominant compounds [15 -17] . On the other hand some studies identified nonterpene hydrocarbon compounds [8] or monoterpene compounds [18] as dominant ones. CV = C. villosus; CS = C. salviifolius; CC = C. creticus; CM = C. monspeliensis; KI = Kovat's index determined on a HP-5MS column using the homologous series of nalkanes (C 9 -C 40 ); b = retent. times is outside of retent. times of homologous series of C 9 -C 40 n-alkanes (identif. by MS); -= not detected; * = correct isomer is not identif.
By using the broth microdilution assay, we determined the MIC and MBC values of EOs against both antibiotic-susceptible ATCC and multidrug-resistant (MDR) clinical strains of Gram-negative bacteria ( Table 3 showed that EOs have broad spectrum dose dependent antimicrobial activities. C. salviifolius and C. creticus EOs were found to be most potent, particularly against leading skin pathogens such as S. aureus, A. baumannii and C. albicans.
Biological and aromatical potential of the Cistus essential oils
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The majority of the tested bacteria were sensitive to C. salviifolius and C. creticus EOs at 8192 µg/ml, while the MBC was mostly in range 16384 -32768 µg/ml. The best activity of C. salviifolius EO was found against A. baumannii strains. Notably, A. baumannii emerged as one of the six most important MDR nosocomial pathogens worldwide, causing a broad range of severe nosocomial infections of skin and soft tissue, wounds, bloodstream, respiratory and urinary tract as well as secondary meningitis with high mortality rates [19] . Importantly, the growth of A. baumannii strains was inhibited at similar concentrations, ATCC 19606 strain at 4092 µg/ml and MDR MBL-producing clinical strain FSST20 at 8192 µg/ml, while both strains were killed at MBC of 8192 µg/ml. With respect to C. albicans antifungal susceptibility testing, the best activity was recorded for C. villosus EO, which was active at MIC 50 of 2048 µg/ml and MIC 90 of 4096 µg/ml.
The different antimicrobial properties obtained for Cistus EOs in this study can be linked to the chemical composition. Namely, the monoterpene, sesquiterpene and diterpene compounds are previously identified as the essential growth-reducing bioactive agents in Cistus EOs [4] . In this regard, antimicrobial activity of C. creticus EO was already associated with secretion of "labdanum"s. The study of Hutschenreuther et al. [6] showed strong growth inhibitory effect of C. creticus EO against Borrelia burgdorferi sensu stricto and related this to a high amount of labdane-type diterpenes, particularly manoyl oxide, 13-epi-manoyl oxide, 3-acetoxy-manoyl oxide, and the monoterpene carvacrol. Moreover, Demetzos et al. [5] found C. creticus subsp. eriocephalus EO rich in labdane diterpenes, particularly manoyl oxide isomers, to be active against different bacterial pathogens, with Gram-positive bacteria being more sensitive than Gram-negative bacteria. However, in the latter study the antimicrobial activity was assessed on different ATCC strains and by the agar dilution method making it difficult to compare with results obtained in our study. Nevertheless, our study showed that the C. creticus EO inhibited the growth of Gram-negative bacteria, particularly E. coli, P. aeruginosa and A. baumannii (MIC 8192 µg/ml), as well as yeast C. albicans (MIC 50 4096 µg/ml). The high percentage of labdanetype diterpenes (49.1%), manoyl oxide, 13-epi-manoyl oxide, labd-7,13-dien-15-ol, and manool as the main components of the C. creticus EO in our study could be responsible for its antimicrobial activity, which is strongly confirmed with the previous studies on this topic [5, 6] . In agreement to this, C. monspeliensis EO having considerably lower percentage of labdane-type diterpenes (29.9%), exhibited poor antibacterial and antifungal activity. On the other hand, C. salviifolius and C. villosus EOs had similar chemical composition, with main constituents being nonterpene acids and derivatives (approx. 45%), mainly the hexadecanoic and pentadecanoic acids, that also exert antimicrobial potential. Noteworthy, C. salviifolius EO showed somewhat better activity (2-fold decrease of MIC) against S. aureus ATCC 25923, MDR E. coli FSST07 and A. baumannii ATCC 19606 which may be related to the presence of labdane-type diterpenes in EO (8.1%) consisting of 13-epi-manool, manoyl oxide and 13-epi-manoyl oxide, while only 13-epi-manoyl oxide (1.2%) was detected in C. villosus EO.
The data presented here presented evidence for biological and aromatical potential of the Cistus essential oils for their further use in traditional medicine.
. Essential oil isolation, gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) analyses: Air-dried aerial parts of plant materials were hydro-distilled using Clevenger apparatus and analyzed and identified using GC/MS/FID technique as previously reported [20] .
Microbial strains and determination of the antimicrobial activity:
The antimicrobial activity of EOs was individually tested against eleven strains of emerging Gram-positive and Gram-negative pathogens: the type strains from the American Type Culture Collection (ATCC, Rockville, USA) and multidrug-resistant (MDR) clinically isolated strains of S. aureus, A. baumannii, P. aeruginosa, S. Enteritidis, E. coli and K. pneumoniae. The antibiotic susceptibility testing and molecular identification of resistance genes were conducted as previously published [21] . Antifungal activity was assessed on C. albicans environmental strain. Microbial strains were stored at -80ºC in glycerol stocks and subcultured on tryptic soy agar (TSA, Biolife, Italy) or Sabouraud dextrose agar (SDA, Biolife) in case of C. albicans prior to testing.
Antimicrobial screening of the EOs was carried out using broth microdilution assays performed as previously described [22] . The stock solutions of EOs were prepared by dissolving in 1% DMSO to a final concentration of 140 mg/ml for C. monspeliensis EO and 100 mg/ml for C. salviifolius, C. villosus and C. creticus EOs. The serial dilutions of EOs were prepared in a range of concentrations from 32 to 32 768 µg/mL. For C. albicans MIC 50 and MIC 90 endpoints were recorded as the lowest concentrations that inhibited 50% and 90% of fungal growth compared to the growth of the control (strain grown without the substance of EO). The MICs of the antibiotics were determined with the E-test (AB Biodisk, Sweden). All tests were done in triplicate.
